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abstract: An 11.3-cm gravid female Moniliformis 
moniliformis was removed from the greater omentum 
of a female outbred Sprague-Dawley rat 5 mo post¬ 
infection. Within the omentum, the worm was isolated 
in a host connective tissue tunnel in which there were 
inflammatory reactions and abscess formation. Eggs 
released by the worm elicited granulomatous reactions. 
Because lymphocytes were abundant throughout the 
omental tissue, with large areas of perivascular infil¬ 
tration, it is suspected that the eggs of M. moniliformis 
in this extraintestinal site have antigenic components 
capable of stimulating a cell-mediated delayed hyper¬ 
sensitivity reaction. 

KEY words: Acanthocephala, ectopic, granuloma. 
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Necropsy of a laboratory-reared 9-mo-old out- 
bred female Sprague-Dawley rat, fed 20 cysta- 
canths of Moniliformis moniliformis (Bremser, 
1811) Travassos, 1915, at age 4 mo, revealed a 
tumorous mass posterior to the stomach (Fig. 1). 
The approximately 2.5-x-l-x-l-cm mass ap¬ 
peared to be contained completely within a di¬ 
verticulum of the greater omentum (Fig. 1). Ex¬ 
amination revealed the presence of a worm looped 
throughout the mass (Fig. 1). The worm was re¬ 
moved intact and transferred to tapwater, in 


which it exhibited slight, very sluggish motility. 
It was maintained in several changes of tapwater 
over a period of 2 days before fixation in alcohol- 
formalin-acetic acid and later processing as a 
whole mount stained with Mayer’s carmalum. 
The remainder of the mass was fixed in neutral- 
buffered 10% formalin, postfixed in 70% ethanol, 
washed in running tapwater overnight, and pro¬ 
cessed for paraffin sectioning at 10 pm. Sections 
were stained with Harris’s hematoxylin and eo- 
sin (Luna, 1968) as well as May-Griinwald stain, 
the periodic acid-Schiff reaction (PAS), Ver- 
hoefTs elastica stain, and Weigert’s differential 
stain for fibrin (Thompson, 1966). 

The parasite, an adult female M. moniliformis, 
was approximately 11.3 cm long. It did not be¬ 
come fully distended, nor did the proboscis evag- 
inate, as expected after 2 days in tapwater. This 
may have been due to injury of the worm during 
its removal, or it might have been a reflection of 
reduced viability as a result of the host’s re¬ 
sponse. In the whole-mount specimen, the teg¬ 
ument appeared friable and in some areas seemed 
to be sloughing. However, the ligament sacs of 
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Figure 1. Photograph of ventral view of abdominal 
viscera and omental mass (pointers) containing Mo¬ 
niliformis moniliformis. Abbreviations: L = liver, OM 
= omental mass, R = rectum, S = spleen, SI = small 
intestine, ST = stomach, U = uterus, X = xiphoid 
process of sternum. Scale bar = 16 mm. 


the worm were filled with fully developed, ap¬ 
parently viable eggs. 

Histology of the mass was consistent with that 
of omentum. There were abundant white fat cells, 
blood vessels, and mononuclear cells. Mono¬ 
nuclear cells appeared to be mainly lympho¬ 
cytes—frequently plasma cells, and occasional 
macrophages. Perivascular infiltration of lym¬ 
phocytes was common throughout the sections. 
There were occasional eosinophils, and mast cells 
were found in clusters. A portion of the pancreas 
was incorporated in the diverticulum of the 
omentum. Whereas the majority of the tissues 
of the mass showed little postmortem necrosis, 
the acinar cells showed a degree of cloudy swell¬ 
ing with somewhat pycnotic nuclei. Whether this 
was the result of changes associated with the 
presence of M. moniliformis or truly postmortem 
necrosis could not be established; however, the 



Figure 2. Macrophotograph of hematoxylin and eo- 
sin-stained paraffin section of omental mass. Area out¬ 
lined by rectangle shown at higher magnification in 
Figure 3. Abbreviations: T = tunnel that contained the 
female Moniliformis moniliformis. Scale bar = 2 mm. 

latter is most likely because approximately 30 
min lapsed from the time of death until fixation 
of the mass. 

The most striking pathological feature of the 



Figure 3. Photomicrograph of region noted in Fig¬ 
ure 2 with fibrinoid substance protruding into the tunnel 
and a sequestered clump of Moniliformis moniliformis 
eggs. Pointers indicate individual eggs in stages of gran¬ 
ulomatous reactions. Abbreviations: CTW = connective 
tissue wall of worm tunnel, EC = egg clump, FS = 
fibrinoid substance. Scale bar = 0.4 mm. 
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Figures 4-6. Photomicrographs of granulomatous reactions to Moniliformis moniliformis eggs. 4. Three eggs 
in different degrees of granuloma formation (VerhoefTstain). Scale bar = 0.2 mm. 5. Longitudinal section of a 
large granuloma containing a fully formed acanthor (hematoxylin and eosin stain). Scale bar = 0.08 mm. 6. A 
clump of eggs in the fibrous stage of granulomatous reaction. Pointers indicate areas of fibers (VerhoefTs stain). 
Scale bar = 0.2 mm. Abbreviations: A = region of abscess reaction, AC = acanthor, F = fibrous stage, G = 
completed granuloma, I = inflammatory stage, MC = mononuclear cells. 


M. moniliformis-associated mass was the pres¬ 
ence of a tunnel (Fig. 2), the site occupied by the 
worm, throughout the sections. The tunnel was 
surrounded by connective tissue, rich in collagen 
fibers. Within the tunnel there were occasional 
accumulations of numerous, apparently dead 


polymorphonuclear leukocytes (PMN’s) periph¬ 
eral to large areas of a PAS-positive fibrinoid 
substance (Fig. 3). Thus, the worm appeared to 
have evoked a fibrino-purulent inflammatory 
host response. 

Embedded among the PMN’s and in the fi- 
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brinoid material are M. moniliformis eggs oc¬ 
curring singly and in small clumps (Figs. 3-5). 
As eggs occurred closer to the connective tissue 
margin of the tunnel (Fig. 3), they were subjected 
to granulomatous reactions. Such granulomatous 
reactions were most obvious for single, isolated 
eggs (Fig. 4, 5) but also were seen in response to 
clumps of eggs (Fig. 6). All stages of granuloma 
development (abscess formation, inflammatory 
stage, and fibrous stage) described by Hirata et 
al. (1993) for eggs of Schistosoma japonicum in 
the livers of mice were identified in sections of 
the omental mass containing M. moniliformis. 

Several studies have demonstrated granulo¬ 
matous reactions to acanthocephalans. Abe 
(1973) described the response to acanthocepha- 
lan proboscides in the submucosa of the pyloric 
cecum of rainbow trout. Taraschewski (1989) 
studied the reaction to dead, disintegrating 
thocephalus anguillae in the peritoneal cavities 
of goldfish and carp. However, the present report 
is the first description of granulomatous reac¬ 
tions to acanthocephalan eggs. Inflammatory re¬ 
sponses resulting in granuloma formation can be 
classified as either foreign body granuloma or 
infectious (or hypersensitivity) granuloma (Kel- 
lermeyer and Warren, 1970). Characteristic of 
each response are the development rate of the 
granuloma, the types of cells involved, and a 
variety of biochemical and immunologic deter¬ 
minations (Kellermeyer and Warren, 1970). Al¬ 
though the rate at which granuloma to M. mo¬ 
niliformis eggs develop is not known, the large 
accumulations of lymphocytes indicated that the 
response could have been cell-mediated delayed 
hypersensitivity, but experimental verification is 
necessary. 

This is the first report of a gravid adult female 
M. moniliformis occupying an extraintestinal site 
in its definitive host. Varute and Patil (1971) 
described Moniliformis dubius (=M. monilifor¬ 
mis) in 6 of 30 moderate to heavily infected rats 
as causing perforations of the ileum with worms 
protruding into the abdominal cavity. The small 
intestine of the female rat in the present report 
contained no other worm and there was no gross 
sign of perforation damage along the wall of the 
small intestine. Because no ectopic male M. mo¬ 
niliformis was found and the female was gravid, 
it seems likely that the worm moved from the 
small intestine after insemination (as early as 16 
days postinfection [Crompton, 1974]). A fixed, 
turgid female M. moniliformis at 15 days post¬ 


infection is approximately 30 mm long and 0.7 
mm wide (D. F. Oetinger and J. Essepian, un- 
publ. data). A worm this size could have moved 
to the pancreas and subsequently the omentum 
via a pancreatic duct, as has been reported (Popp 
and Schuster, 1989) for Filicollis anatis in its 
mallard host Anas platyrhynchos. However, 
Crompton (1974) indicated that full patency of 
a female M. moniliformis may require contact 
with 1 or more males over a period of 5 wk. A 
50-day-old female M. moniliformis is approxi¬ 
mately 162 mm long and 1.85 mm wide (D. F. 
Oetinger and J. Essepian, unpubl. data), probably 
too large to move through a rat pancreatic duct. 

That ectopic M. moniliformis has not been re¬ 
ported from rats previously may reflect a phe¬ 
nomenon that is more common in female hosts 
but has not been noted because most experi¬ 
mental work with moniliformids has been con¬ 
ducted with male rats. Those researchers who 
use female animals should be aware of the pos¬ 
sibility that extraintestinal movement may ex¬ 
plain the greater intestinal loss rate of worms 
from female rats such as reported by Crompton 
and Walters (1972). 
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Electronic Directory of Parasitologists 

Electronic communications provide a rapid means of obtaining information from or sending 
information to colleagues involved in parasitological research. Thus, I am in the process of building 
a centralized directory of parasitologists that provides electronic mail (e-mail) addresses, as well as 
telephone and FAX numbers and research interests. The directory currently contains such infor¬ 
mation for more than 400 individuals from more than 40 countries. If you are interested in being 
included in the directory, please send me a message at one of the addresses listed below, and I will 
send you additional information. 

The directory is currently available via an anonymous ftp site, and it is updated on a regular 
basis. To access the directory files, ftp to “magnus.acs.ohio-state.edu.” Enter “anonymous” (no 
quotes) for your “username” and your e-mail address for the “password.” To get into the appropriate 
directory for accessing the files, enter “cd< space >/pub/zoology” (no quotes) and press < return >. 
Once you are in the zoology directory you can list the files (to check the dates of the latest update) 
by entering “Is” (no quotes) at the ftp> prompt. 

The names of the files in the directory indicate the date (MM_DD_YY) the files were last 

updated, and the directory is provided in several ready-to-use formats. The formats are indicated 
by the appropriate file name extensions, including dBASE IV (.DBF), Reflex 2.0 (.R2D), Lotus 1- 
2-3 v2.0 (.WKl), Quattro Professional (.WQl), Symphony (.WRK), and Paradox (.DB). These are 
all binary files. The directory is also provided as an ASCII file (.TXT) using quotation marks (“) as 

the delimiters. For example, the file “03_30_94.WKl” would be a Lotus format last updated on 

March 30, 1994. 

The default transfer mode is ASCII. To transfer any of the text (.TXT) files, use the “get” command. 
To transfer any of the binary files you will need to change the transfer mode to binary. Enter “binary” 
at the ftp> prompt and then use the “get” command to transfer the appropriate file. I suggest that 
you download several different formats and then determine which works best with the database or 
spreadsheet you are using. 

When you are finished transferring files, enter “bye” at the ftp> prompt to exit the system. 

If you cannot access the ftp site, I will provide the directory on a disk. When making such a 
request, please let me know what application format you want (e.g. Lotus). If possible, please include 
with your request a DOS formatted disk and an addressed disk-mailer for returning the disk to you. 
Additional information about the directory can be obtained by contacting: 

Dr. Peter W. Pappas 
Department of Zoology 
The Ohio State University 
1735 Neil Avenue 
Columbus, OH 43210-1293, USA 
e-mail: pappas.3@osu.edu 
Phone: 614-292-8088 
FAX: 614-292-2030 
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